Climate change has been widely recognized as a multi-scalar economic and environmental problem that affects various sectors in the world today. The Songor salt project located in Ada East District of the Greater Accra region produces salt that feeds both the local and international markets with high-quality salt for consumption and industrial purposes. The industry is currently under threat due to several factors including climate change. This study was undertaken to ascertain the linkages and impacts of climate variability (temperature and rainfall) on the quantity of salt produced over the years.
Introduction

Background
It has been widely recognized that climate change is one of the greatest threats that currently confronts the world particularly developing countries in recent times (IPCC, 2013; Ahenkan et al., 2012) . The fact that many people in developing countries depend on climate-sensitive sectors such as water resources, agriculture, and forestry resources for their livelihoods and economic transformation exacerbates this great challenge and its widespread implications become increasingly enormous. The salt production in the Songor lagoon in Greater Accra region of Ghana as an ecosystem service forms a major source of the livelihoods of the communities in and around the area. The major economic activity that the communities depend on is the salt production through both the small and commercial scales the latter been operated by the government of Ghana where many of these people are recruited as employees in various sections of the production chain. Recognizing the value of the salt industry to rural livelihoods and national development, it becomes imperative that impacts of climate change are assessed to established effects on emerging trend on the trend of the production of the commodity. This will help policy and decision makers to make informed decisions on the future sustainability of the salt industry and to assess its capacity to provide essential services especially for the local communities and also to help realize the Sustainable Development Goals.
Climate Change and the Salt Industry Nexus
The salt industry like any other sector such as rain-fed agriculture, water, ecosystems, and biodiversity is widely recognized for its sensitivity to climate variability and change (MEA, 2005 , Ahenkan et al., 2012 . Saline salt production is dependent on climatic variables such as wind velocity, rainfall variability, temperature variability, and solar radiation. The extent of seasonal variation of these variables may have influenced the quantity and quality of salt production at a given time. In order to establish this relationship to ascertain the trends of climate variability over the years at the Songor lagoon with a temperature and rainfall data sets from the Ghana Meteorological Agency for a 30 year period . This was done by exploring the impacts of these climatic variables (temperature and rainfall) on the yield s of salt production using a multiple linear regression model and the implications of these impacts on the livelihoods and communities that depend on the resources.
The Songor Salt Project
The Songor salt project is among the three main salt production centers in Ghana that feed both the local and international markets with an overall production capacity/potential of about 60,000 Mt/a from the total Songor area potential of 1,438,880 Mt/a (UGSS, 2012). The project started large-scale production in 1994. The Songor salt project currently supports about 1,000 unskilled personnel who work at the site daily in producing salt for the company. The project currently employs about 40 permanent staff at the Songor salt project which includes accountants, human resource managers, directors, engineers, drivers, security, and production and packaging staff (Songor Salt Project, 2016) . This makes the salt industry at Songor, a major economic force and a key livelihood source for the surrounding communities. It also makes a major contribution to the country's Gross Domestic Product.
Salt production is facilitated through evaporation influenced by wind velocity, temperature and rainfall variability over the production area. Between 1997 Between , 2001 Between and 2002 , the project exceeded its production capacity and showed glimpses of a viable venture whose future was assured. Unfortunately, however, this glimmer of hope has dwindled progressively as production levels have continued to decline due to a combination of factors. Prominent among these factors is the lingering question of how much influence could variability in temperature and precipitation have in this. It is against the background of this question and the desire to delve deeper for answers that the production data for the Songor salt project was collected over a ten year period to ascertain the possible impact of climate variability and change level of production within the timeframe. This study was also informed by the fact that information on the extent and linkages of climate change on the production of this very important commodity has been lacking and has made it difficult for the sustainability of the salt industry, generally in Ghana, to be ascertained. This study was therefore aimed at exploring the possible influence of climate change on the salt industry in Ghana by addressing perceived knowledge gaps to inform policy processes as well as the development of long-term strategies and approaches in the face of climate change and climate variability.
Materials and Methods
Study Area
This study was conducted at the Songor lagoon and the communities that live around it. The Songor lagoon is located in the Ada East District of the Greater Accra Region of Ghana. The Songor lagoon is a coastal wetland designated as lagoon, that is a wetland of international ecological importance with an area of about 51,133. 
Socio-economic Characteristics of the Study Communities
The Ada East District has a population of about 71,671 out of which 47.5% are males and 52.5% are females. Out of this number, the higher proportions of about 70% of them are living in rural communities. (Ghana Statistical Service, 2010) . The main economic activities of the people in the area include farming, intensive salt extraction, fishing and trading as their main sources of livelihoods. These areas of economic sectors dependence and livelihoods particularly the agricultural, fishing and salt mining are all noted to be climate sensitive sectors. Climate variability, therefore, presents a major threat to the sustainability of these sectors and the overall implication on the livelihoods of the communities that rely on these resources. The country also benefits economically from neighboring countries like Togo, Benin, Niger, and Burkina Faso who patronize in the salt produce for exportation into their local markets through the collection of foreign exchange and taxes as revenue for the communities and the District Assembly of the study area.
Study Design and Sampling
A purely quantitative study design was used where measurable data sets of both salt production yields were regressed against climate variability main indicators such as temperature and rainfall. This was done in order to ascertain the synergies between these variables and to establish the extent to which climate change will affect the production of salt using the Songor Salt project as a case study.
Data Collection and Analysis
Secondary data on climate variability) on temperature and rainfall patterns and change for a period of 30 years from 1980-2010 was collected from the Ghana Meteorological Agency. These data were used to ascertain the trend and changes in rainfall and temperature variability in the study area over the specified period. This was further useful in exploring the implications on ecosystem services changes, stability or decline as a consequence.
To be able to ascertain this link thus the interaction between the ecosystem services particularly salt production which is largely the main commodity obtained from the Songor lagoon and the climate conditions, data on the production of key ecosystem services the salt production, was collected from the Songor Salt Project (SSP) a government of Ghana Liability initiative for the production of salt to feed both the local and the international markets. The production data was from the period between 1996 and 2014 for which a linear multiple regression analysis was used to explore the impacts of climatic variables such as rainfall and temperature on the salt production at the study area. The salt production was the dependent variable against the temperature and rainfall variability as independent variables. This model was run by using SPSS version 22 software. This model equation is as follows: 
Exploring the Impacts of Temperature and Rainfall on Salt Production
To ascertain the impacts of temperature and rainfall variability on the levels of salt production, a linear multiple regression model was used. In this model, Salt production (dependent variable) was regressed against temperature and rainfall (independent variables). The results of the model indicate that the increase in temperature decreases with salt production and an increase in rainfall increases with that of salt production. Although the impacts of temperature (P = 0.07) and rainfall (P = 0.60) are not statistically significant, the results reveal that an increase in 1 o C temperature will lead to a decrease of -0.488 metric tons of salt production and vice versa. Also, the model predicted that if there is an increase in 1mm of rainfall, it will lead to an increase in 0.142 tons of salt production and vice versa (Coefficient of Determination 51.4%, R 2 = 0.514; P >0.05). These results do not fully reflect the trends of both rainfall and temperature patterns as it is in the study area. The decrease in salt production in Songor lagoon with the increasing temperature trends is consistent. However, the trend of rainfall indicates a contrary situation in the background since rainfall continues to decrease in the study area. 
Discussion
The Reality of Climate Variability
The results of the data recorded over the years have shown that temperatures in the area have increased over the years whilst rainfall patterns continue to experience an erratic trajectory. This evidence suggests that climate change is happening and its impacts will be severe especially for the vulnerable in society. These findings were found to be consistent with the findings of that of IPCC reports and other studies that climate change is unequivocal (IPCC, 2014; Ahenkan et al., 2012; Adiku et al., 2011 , Fatma, 2010 . Climate change presents a great challenge for the community dwellers whose livelihoods are dependent on climate change sensitive sectors such as rain-fed agriculture, water, ecosystem services and resources including the salt sector. Adaptation now is not an option but a compelling responsibility that must be embraced to safe and protect the most vulnerable and build their resilience in the face of climate variability.
Impacts of Rainfall and Temperature Variability on the Songor Salt Production
The result has clearly demonstrated that variability in both rainfall and temperature do have a link and an effect on the level of salt production. It was indicated that an increase in 1mm of rainfall will cause an increase of 0.142 Mt of salt produced and the reverse is true. For temperature, an increase in 1℃ will lead to a decrease in 0.488 of salt produced and vice versa. These results suggest that the increasing temperature in the study area presents a big challenge for the salt industry since it continues to experience an upward trend and been projected to even increase in the coming years if measures are not put in place to curb down greenhouse gasses emission. However, contrary to the findings in Bhar et al., (2015), they argued that higher temperature results in higher evaporation leading to more production of salt per unit time from the brine. This means that increasing temperature can equally be an opportunity for the salt sector. Rainfall has been shown to decline, its linear relationship with the salt production as seen in the model will have a rather undesirable effect on the salt industry where a continuous decline as projected, will mean a continuous decline in salt production. Although the impacts of these variables appear not to be statistically significant yet these present important concerns for the salt industry and especially the communities that depend on it for their livelihoods. These findings presents interesting opportunities and the need for more pragmatic measures to exploit these opportunities that increasing temperature presents to the salt industry and minimize the negative impacts of a continuous decline in rainfall pattern for a sustainable salt industry that will continue to better the lives of the communities that depend on these commodities as their sources of income and subsistence.
Conclusion and Recommendations
The results of the study indicate that the salt industry is sensitive to climate change and that climate change does have an impact on the yield levels of salt produced in a given year. The study demonstrates that variability in both temperature and rainfall patterns at the Songor lagoon account for about 51.4% reduction in annual salt production levels at the Songor salt project. The study shows that temperature is increasing in the area with a negative impact on the level of salt produced which presents a major threat to the salt industry and for that matter, the livelihoods of communities that rely on these provisioning ecosystem services are at increased risks. The results have shown a decreasing trend of rainfall pattern with a positive impact on the production levels of salt produced although data on rainfall pattern in the study area is on the contrary. There is a mix of influence that climate change will have on the salt industry in the coming years for which proactive measures for minimizing losses and optimizing yields of the salt community must be seriously pursued. Therefore for long-term sustainability of the salt industry, adoption and mainstreaming of climate change adaptation strategy in the salt sector into the overall national adaptation policy is imperative. Investment in infrastructure and storage facilities to produce and store the salt produce to avoid harvest losses and leakages are also essential to buffer the impacts of climate change. Besides the pressing challenges of land acquisition issues, low investment and lack of proper technology in inter-alia that currently bedeviled the salt industry, climate change is noted to exacerbate these problems and will further worsen the production of the salt commodity in the country. This, therefore, calls for comprehensive and integrated efforts from all the relevant stakeholders to play their part in coming together to salvage the salt industry for sustainable economic development. Certainly, the operationalization of the existing policies regarding the salt industry is deemed urgent and paramount than ever to ensure local communities' livelihoods are not forfeited and to achieving the Sustainable Development Goals.
